(V Dolzan, personal communication). This is similar to other reports of frequencies of GSTM1 and GSTT1 null genotypes in Caucasian populations. 5 The frequency of GSTP1 codon 105 genotypes is also comparable with the frequencies found in healthy population in Slovenia, where the following proportions were found: GSTP1 Ile 105 Our study provides additional data suggesting that individual GST polymorphisms do not markedly modify the risk of secondary malignancies in children treated for ALL. Woo et al. 6 studied 302 children with acute lymphoblastic leukemia, among whom 57 developed treatment-related leukemia or myelodysplastic syndrome and found no association of GSTM1 or GSTT1 null genotypes with treatment-related malignancies. Crump et al 7 found a slightly higher prevalence of the GSTM1 and GSTT1 gene deletions among patients with secondary AML as compared to the patients with de novo AML or controls; however, this result was not statistically significant. Interestingly, Haase et al 8 reported that patients with breast carcinoma and inheritance of double null deletion of GSTM1 and GSTT1 may have an increased risk of a secondary therapy-induced hematologic neoplasm. Future studies, with adequate samples sizes, will be required to confirm the role of GST double deletions and secondary AML risk.
The small size of our study group and heterogeneity of the observed secondary neoplasms limits the power of this study to explore the relationship between particular secondary malignancies and GST genotype. Although our data does not support an association between GST genotype and occurrence of second neoplasms after the treatment of childhood acute leukemia, our results are consistent with those of other investigators. While single GST polymorphisms do not appear to be a major modifier of secondary leukemia risk, it is possible that investigation of polymorphisms in other genes involved in drug detoxification will enable development of genetic risk profiles for therapyrelated secondary malignancies. Tumor lysis syndrome commonly occurs in patients with acute leukemia and non-Hodgkin's lymphoma with a high tumor burden, even before any antineoplastic treatment is given. Severe complications like hyperkalemia and renal failure induced by uric acid and/or calcium phosphate crystals can arise. Prophylaxis and treatment standards for tumor lysis syndrome are adequate hydration, correction of electrolyte disturbances, neutralization of urine-pH and allopurinol. 1 Allopurinol blocks the conversion of hypoxanthine and xanthine to uric acid. Xanthine is less soluble than uric acid, even in alkaline urine (150 mg/l xanthine as compared to 2000 mg/l uric acid at pH 7). Therefore, xanthine nephropathy and xanthine stone formation can result. 2, 3 Recent studies have shown that rasburicase, a recombinant urate oxidase, is more effective in lowering urate levels as compared to allopurinol and is well tolerated. 1, 4, 5 The dose of rasburicase used in studies and recommended by the manufacturer for prevention of hyperuricemia is 0.2 mg/kg body weight for the first 5-7 days of chemotherapy. In patients treated with rasburicase, plasma urate levels dropped by 86% within 4 h following the first drug dose. 4 Costs of a 7-day rasburicase treatment with 0.2 mg/kg in adult patients (70 kg) amount to approximately h7100. As a reduction of plasma urate below the normal range (3.5-7 mg/dl) is not necessary to prevent uric acid nephropathy, we treated patients with lower doses of rasburicase to reduce treatment costs.
We report on the results of four patients (two with advanced lymphoma and two with acute leukemia) with tumor lysis syndrome and renal failure who were successfully treated with recombinant urate oxidase with a lower dose per day and/or shorter treatment duration. All patients were treated in our intensive care unit under close monitoring.
Patient 1 is a 64-year-old male patient with B-CLL. Because of disease progression with lymph node enlargement, the patient received a first course of chemotherapy with fludarabin (60 mg on day 1-3) and cyclophosphamide (500 mg on day 1-3) in October 2002.
On day 5 of chemotherapy, he was admitted to our intensive care unit (ICU) with tumor lysis syndrome (urate 24.6 mg/dl, LDH 1120 U/l, phosphate 4.0 mmol/l) and acute renal failure (BUN 122 mg/dl, creatinine 3.3 mg/dl) (normal range: urate 3.5-7.0 mg/dl, LDH 0-248 U/l, phosphate 0.81-1.53 mmol/l, creatinine 0.7-1.3 mg/dl, BUN 16.7-45.8 mg/dl). He was treated with hydration, sodium bicarbonate and 16.5 mg (0.2 mg/kg) of rasburicase for 3 days. Uric acid levels dropped to 0.1 mg/dl on the next day and remained low during the following days ( Figure 1 ). Renal function improved and at discharge from hospital, plasma urate and creatinine were within the normal range.
Patient 2 is a 66-year-old female patient with a high-grade B-non-Hodgkin's lymphoma of the gastric mucosa, a 9 cm pelvic mass and ascites. The patient was referred to our ICU in March 2003. She presented with tumor lysis syndrome (urate 22.2 mg/dl, LDH 1083 U/l, potassium 6.8 mmol/l (normal range 3.5-5.2 mmol/l), phosphate 2.34 mmol/l) and acute renal failure (creatinine 2.7 mg/dl, BUN 165 mg/dl). Treatment consisted of hydration, sodium bicarbonate and a single dose of 9 mg rasburicase (0.17 mg/kg). Urate dropped from 22.2 to 0.7 mg/dl 1 day after rasburicase treatment and stayed below 1 mg/dl. After 3 days, prephase chemotherapy was started (single dose of vincristine 1 mg and prednisone 100 mg daily). Recurrent hyperuricemia (urate 14.9 mg/dl 2 days after chemotherapy) was treated with hydration and resolved (urate 4.4 mg/dl 2 days later). Renal function recovered with creatinine levels within the normal range, so that after 3 more days, chemotherapy (CHOP regimen: cyclophosphamide, doxorubicin, vincristine and prednisone) in 50% dose reduction could be applied.
Patient 3 is a 49-year-old female patient with B-ALL with extended bone marrow, retroperitoneal, mesenteric, peritoneal, colonic, pulmonary and meningeal manifestation. On computed tomography scan and ultrasound investigation of the abdomen, right ureteric obstruction with hydronephrosis was found. Laboratory investigations showed tumor lysis syndrome (LDH 3630 U/l, urate 33 mg/dl), and acute renal failure (creatinine 5.0 mg/dl, BUN 75.6 mg/dl).
A percutaneous nephrostomy was performed and because of increasing creatinine levels, continuous veno-venous hemofiltration was initiated. Creatinine levels dropped to 2.5 mg/dl and polyuria developed, so that hemofiltration could be stopped after 4 days. A prephase chemotherapy was started (2 mg of vincristine and 100 mg prednisone). The uric acid levels decreased after nephrostomy and hemofiltration, but were still elevated (urate 12.7 mg/dl) and increased after vincristine therapy (16.3 mg/dl). The patient received 1.5 mg rasburicase (0.03 mg/kg). Within 24 h, the uric acid level was in the normal range and remained there in spite of further treatment with CHOP chemotherapy. Creatinine levels decreased and were within the normal range on day 3 after rasburicase treatment.
Patient 4 is a 34-year-old female with newly diagnosed acute myeloid leukemia FAB M 5 B. The patient presented with an initial white cell count of 151 000/ml (82% blast cells) and signs of tumor lysis (LDH 854 U/l, urate 14.9 mg/dl) and renal failure (creatinine 2.1 mg/dl, BUN 33 mg/dl). She received one single dose of 1.5 mg rasburicase (0.017 mg/kg) and cytoreductive chemotherapy with cytarabine 190 mg daily was given for 6 days. One day after rasburicase treatment, the uric acid level had dropped to 1.3 mg/dl and stayed below 7.4 mg/dl subsequently. Renal function recovered with normal creatinine levels after 10 days. The first induction chemotherapy course (cytarabine, thioguanine and daunorubicin) could be started.
Treatment with rasburicase is highly effective in reducing urate levels in blood and is well tolerated. 1, 4 In a randomized trial in pediatric patients with leukemias and lymphomas, rasburicase (0.2 mg/kg daily for 5-7 days) proved to be more 
Figure 1
Course of urate, creatinine and LDH in four patients.
Correspondence potent and faster-acting as compared to oral allopurinol. 4 Levels of urate dropped considerably (by up to 86%) in these studies 4 h after the first dose of rasburicase. 1, 4 We treated four patients with tumor lysis syndrome, hyperuricemia and renal failure successfully with doses between 0.017 mg/kg as a single dose and 0.2 mg/kg daily for 3 days. All patients showed a fast and marked decline of plasma urate and recovery of renal function after rasburicase treatment. Rasburicase was well tolerated by all patients. Three of four patients had tumor lysis syndrome with acute renal failure before antineoplastic therapy had been started. By treating tumor lysis syndrome and hyperuricemia effectively, chemotherapy could be applied without treatment delay.
Budgets in health care are limited and cost-effectiveness is becoming an increasingly important issue. By successfully treating hyperuricemia and preventing severe renal failure, treatment with rasburicase can be cost-saving in terms of saving costs for intensive care and hemodialysis. 6 Still, costs for rasburicase are high. If rasburicase is given according to the manufacturer's dosage recommendation, costs are between h5065 and 7091 for 5-7 days for a 70 kg adult patient. We could demonstrate in four patients that lower doses and/or shorter treatment periods can be effective. As lowering of plasma urate to subnormal levels is not needed to prevent renal dysfunction, lower doses of rasburicase may be sufficient. With regard to the high costs of rasburicase, it should be aimed at finding the smallest effective dose.
Rasburicase is highly effective, well tolerated and its elimination does not correlate with renal function. 7, 8 Lowering urate levels fast and effectively improves renal function so that chemotherapy can be given early and in full dose. Its use should be encouraged in patients with imminent or manifest tumor lysis syndrome and hyperuricemia. In some patients, lower doses and/or shorter treatment periods than those recommended by the manufacturer can be sufficient. Different dosage regimens might be indicated for different clinical settings, for example single application of rasburicase might be sufficient if patients present with tumor lysis syndrome after chemotherapy, whereas longer treatment may be necessary during chemotherapy treatment.
It is controversial if sodium bicarbonate is necessary in patients treated with rasburicase. Since rasburicase is highly effective, many investigators do not use sodium bicarbonate to facilitate the excretion of phosphorus.
Adapting the dose of rasburicase according to the response of plasma urate levels may be feasible. Repeated use of rasburicase has been reported with good response 5, 7 in spite of a 10-20% incidence of antibody generation, most of which are not neutralizing. Further studies in adult and pediatric patients are needed to find appropriate dosage regimens for rasburicase in tumor lysis syndrome and to establish guidelines for its prophylactic use.
